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| NTRODUCTI ON

The Delta Protection Comm ssion is charged with preparation of a

| and use and resource managenent plan (Plan) for the Primary Zone
of the Delta, as defined in the Delta Protection Act (see Figure
1). The Plan is to be adopted by the Commi ssion and forwarded to
the five Delta Counties (see Figure 2) for adoption and

i npl ementation through the existing regulatory process.

The Counties regulate | and use through the General Plan and Zoning
Ordi nance, and through the day-to-day review of proposed projects.
State and federal projects are reviewed through the environnental
review process. By comenting on the environnental inpacts of
proposed projects, the Counties can attenpt to ensure that the
County plans and goals are inplenented by all projects.

The physical characteristics of the Delta environment will be the
basis Plan. The characteristics of the area--soils, elevation,
geol ogy--create a uni que environnment for use by humans and
wildlife. This background report reviews the characteristics of

t he regi on before nodification in the 1850's, describes the

exi sting habitat types, describes the wildlife resources of the
area, and describes the existing physical environnment and how it

i nfluences | and use.

Due to the extensive nodifications to the Delta environnent by
humans, there are [imts on the land uses of the area. The limts
on | and use have inplications for managenent of the resources.

Due to the very limted budget and very short tineline allotted the
Delta Protection Comm ssion to conplete the task of preparing the
Plan, this report is based on existing references, albeit the

| atest and nost up to date. For descriptions on the Delta
habitats, aquatic resources, wildlife resources, geol ogy and
seism c hazards, the report relies on the information in State of
the Estuary, prepared by the San Franci sco Estuary Project in 1992.
I nformati on about soils was taken | argely Land Subsi dence in the
Sacranent o- San Joaquin Delta Literature Review Summary. prepared by
U S. Departnent of Agriculture, Soil Conservation Service in 1989.



Chapter |: DELTA HABI TATS

1. Hi storic Delta Environment (1)

Prior to 1850, the Delta existed in its natural, historic state.
The region is the outlet of the Sacranmento and San Joaquin River
dr ai nages, which drain 40% of the land area of California. Prior
to any nodification, approximately 27 mllion acre-feet (an acre
foot is the amount of water it would take to cover one acre of | and
with one foot of water) of freshwater flowed annually through this
drai nage system mnmixing with salt water fromthe ocean and Bay,
resulting in a natural estuarine systemthat covered 1,300 square
ml es.

The heart of the Delta was extensive freshwater and bracki sh water
mar shes. Spreading inland fromthe wetl ands were expanses of
grassl ands dotted with seasonal wetl ands, oak-woodl and savannabh,
and chaparral. Rivers and creeks, bordered by lush riparian
vegetation, criss-crossed the area. Historic accounts of the
region are full with references to the abundance of waterfow ,
deer, elk, antelope, and other wildlife.

Due to the flat topography at the confluences of five rivers, the
entire Delta was flooded from Decenber to May (2). Another
characteristic of the historic Delta, an estuary where fresh water
and sea water neet, was the natural variations in the salinity in
the water both seasonally and annually. |In the Delta, freshwater
flows into the m xing zone during the winter rainy season and
during the spring and sumer when the snows in the Sierra nelt and
fl ow downstream In late sumer and fall when the snows have
nelted and there is no or little rainfall, the salty waters woul d
intrude further into the Delta. Sea water has a salinity of 3.5
percent, usually described in parts per thousand (ppt); 3.5 percent
= 35 ppt. Freshwater has less than 0.5 ppt. Salinity ranges from
35 at the Golden Gate to O in the inflowing rivers. Years of heavy
rain and snowfall would result in lowsalinity in the Delta

drought years would result in increased salinity in the Delta in
the sumer and fall

2. Modi fications to the Delta Environnent (3)

The historic Delta environnment has been nodified in several ways.
The changes have permanently nodified the physical characteristics
of the area. The first major change was the construction of

| evees, low at first and progressively higher, to keep the tida
waters off the land to allow farmng. This reclamtion was carried
out under the California Swanp and Overfl ow Act of 1868 which
financially supported these actions. Through |evee construction
starting in the 1850's and continuing to the early 1900's, and the
basi c character of the Delta was changed from marsh to farm and.



The second maj or change was the construction of upstream dans
starting in the 1920's through the 1960's. This construction
created a nore predictable salinity regi ne—summer salinity can be
controlled by releasing freshwater into the rivers in the sunmer
and fall, and reduced sedi nment being carried downstream (see
Figures 6 and 7). The dans are part of the local, State, federal,
and special district water projects which use the natural Delta

wat erways and sone artificial channels in the Delta to carry the
freshwat er of the Sacramento Ri ver southward through the Delta to

t he punps which punp the water out of the Delta to users in the Bay
Area, the Central Valley, and Southern California. Two-thirds of

t he popul ation of the State of California gets part of its drinking
water fromthe Delta. |In addition, channels were deepened,

wi dened, and created in order to enhance navi gation through the
Delta region

The Delta is now predom nantly farm and, |aced wth waterways of
varying wi dths which are lined with | evees. The farm ands are used
by animals, insects, and birds in varying | evels depending on the
farm ng practices enployed and types of crops grown. The |evees
support w dely varied anobunts and types of vegetation which provide
habitat to wildlife. The waterways support about 28 species of
native fish and 28 species of exotic fish, and other aquatic

speci es.

3. Exi sting Habitat Types (4)

Exi sting wetland and terrestrial habitat types fall into one of
three categories: habitats on the water side of the |evees,

i ncludi ng the channels, the channel islands (which are not |eveed),
and the water side of the |evees; the | evees thensel ves, earthen
structures which nmust be maintained fromtinme to tinme which may
require renmoval of all or nost vegetation; and habitats inland of
the | evees and at higher elevations around the outer edges of the
Delta. These lands are largely in agricultural use including
irrigated and non-irrigated grazing lands, irrigated row crops,
grains, and permanently planted fruits and nuts. About 80% of the
Delta is agricultural use; about 10% open water; and 10%is al

ot her habitats including marshes, riparian areas, seasona
wet | ands, and | akes (5).

The list of habitat types is based on the classification of
Wet | ands and Deep Water Habitats of the United States used in the
Nati onal Wetlands Inventory system of habitat classification and
i nclude both terrestrial (land) habitats and aquatic (water)
habitats. Current (1993) inventories of 38 Delta islands by a
consultant to U.S. Arny Corps of Engineers show that only 6%
(14,641 acres) of total acreage supports native vegetation (6).



a. Shaded Riverine Aquatic is all vegetation which overhangs the
wat er, regardless of tide stage. This habitat exhibits the

conmbi ned characteristics of open water areas and riparian forests
(see Riparian Forest).

b. Scrub Shrub includes trees and woody shrubs and vines
(alder, willow, wild rose, box elder, wld blackberries) |ess
than 20 feet in height. The characteristics of this habitat are
nore fully described under "Ri parian Forest". \Were |evee
habi t at has been di sturbed due to mai ntenance construction
activities which require renoval of vegetation, the scrub shrub
is the first phase of reforestation

C. Freshwat er Marsh includes vernal pools and tul e marshes
found al ong the drainage ditches and other areas on the interior
of levees. The marsh plants may grow up to 15 feet tall; Delta

mar shes may have the | argest plants of any tidal marshes in North
Anerica. Tidal freshwater marshes often occur as unl eveed
islands in the Delta. Tidal freshwater marshes are vegetated
nostly with tule, reeds, and cattail, often interm xed with

wi | | ow and ot her shrubby speci es.

The only habitat areas in the Delta which are very simlar to the
original habitats are the channel islands which are in the

wat erways. These unl eveed areas are of high wildlife habitat val ue
due to their largely unaltered state and because they are directly
related to aquatic habitats through the tidal interface (7). Non-
tidal freshwater marshes are found in the interior of the |arger
Delta islands. They are associated with borrow pits, |akes, or

dr ai nage depressions. The plant community of these marshes

i ncludes cattail, reed, wllow and bulrush.

d. Ri pari an Forest consists primarily of broad-|eaved deci duous
trees and shrubs that grow adjacent to rivers and streans. Sone of
t he best exanpl es occur along the Cosummes River and the
Beach/ St one Lakes area. Under the canopy of cottonwood and
western sycanore, which may reach heights of 100 feet, grow a
variety of shrubs and vines such as willow, elderberry, and wild
grape. Sone Delta islands al so support mature riparian vegetation.
By definition, riparian forest includes trees greater than 20 feet
in height wwth a shrub, understory layer. Corridors of riparian
forest along streamand river channels enhance the val ue of

adj acent aquatic habitats. Their dense vegetation shades streans
in the sumrer, noderating water tenperatures. The |eaves and
insects that drop in the water are inportant food sources for

i nvertebrates and fish.



Ri parian forest is the rarest of the wetland habitats, and is often
descri bed as the nost valuable habitat for wildlife based on the
availability of food, cover, water, and other critical habitat
conmponents, along with the diversity of the vegetation. |In various
studies, riparian habitats has been consistently found to support
the greatest diversity of bird species. |In a study of riparian
areas in the Delta, nore than 100 species of birds were identified.
e. Ri verine Habitat includes vegetated shall ow nudflats, shoals,
subnerged | ogs, and in-water vegetation such as pondweed, on the
water side of |evees. This includes intertidal areas between nean
| ower | ow water and nmean hi gher high water. Conposition of the
mudfl ats varies fromclay/silt to sand and includes organic debris
and shell fragnents. |In the Delta, nmudflats exist primarily in a
narrow band |ying below tidal freshwater nmarshes, although there
are areas, as at the nouth of the Mdkelume R ver, where extensive
mudfl ats form

Mudf | at s support extensive and diverse communities of benthic
invertebrates, fish and wildlife species. Benthic invertebrates-
clams, worns, shrinp-occur in |arge nunbers on and under the
surface of nudflats. Because nudflats are highly disturbed areas,

i nfl uenced by waves, currents, and variations in salinity, benthic
conmunities are usually dom nated by col oni zer species that devel op
qui ckly, mature rapidly, and have high reproductive rates. During
high tides, fish and others feed on these organisns. Midfl at
vegetation is dom nated by al gae.

f. Cultivated Areas are the farnmed areas of the Delta. Mst of
the cultivated lands in the Delta were originally freshwater tida
mar shes. Annual and permanent crops are grown. Corn and grains are
pl anted for commercial markets and by hunting clubs and farmers for
wldlife food and cover. Today in the Delta, cultivated areas
provi de nost of the food available to mgratory waterfow . During
the winter, large nunbers of waterfow and shorebirds forage on the
farm ands. Corn is probably the nost val uable crop to waterfow
(8). In addition, prograns between Ducks Unlimted and private
property owners will result in over 15,000 acres of seasonally

fl ooded cropl ands serving as flooded habitat for waterfow (9).

O her lands nay be flooded as farnmers |each fields of accunul ated
salts, for pest control, or for weed control

The hi gher elevation agricultural |ands are inportant to many
speci es of raptors and wi ntering shorebirds, geese, swans, and
cranes.



g. Open Water Areas are deepwater areas. The sedinents in these
areas range fromfine silts and clays to coarse sand and gravel .
The dom nant plants of open water habitat are phytopl ankton, which
i nclude di atons, green al gae and bl ue-green algae. |n southern
portions of the Delta, water hyacinth and water mlfoil may grow in
channel s with sl ow novi ng wat er

Open water areas provide inportant habitat for many species of
bent hi ¢ organi sns, fish, birds, and other aninmals. Anadronous fish
speci es such as salnon and striped bass mgrate through the open
wat er habitat on their way to spawni ng areas.

h. Lakes and Ponds includes features including freshwater | akes,
sewage treatnment ponds, and reservoirs. Exanples include: the
Beach and Stone Lakes, Gty of Stockton sewage treatnent ponds,
Franks Tract, and Cifton Court Forebay. Plant comunities vary,
but are generally dom nated by aquatic: vegetation, including
floating, submerged, and energent species, and duckweed, pondweed,
and cattail. Delta |akes support diverse invertebrate comunities
of opossum shrinp, crayfish and anphipods. O the artificial |akes
and ponds, wastewater treatnent ponds probably have the greatest
potential for valuable wildlife habitat. Studies show that ponds
in the Delta are used during the winter by many species of

wat erfow , shorebirds, and other waterbirds.

4, Proposed Habitat Modifications

Many now view the flat, open Delta |ands as valuable sites to
reestablish wildlife habitat, particularly habitat for w ntering
waterfow . While many farnmers have managed agricultural lands in
ways beneficial to mgratory waterfow, shore birds, and indi genous
bi rds and mammal s, sone prograns on agricultural |ands pronote
managenent techni ques and crops which are nost appealing to and
whi ch provide the nost food for the seasonal visitors. An exanple
is the Central Valley Joint Habitat Venture Plan, prepared and
adopted by U S. Fish and Wldlife Service, Departnment of Fish and
Gane, Nature Conservancy, California Waterfow Associ ation, Ducks
Unlimted, and others. On-farm nethods include: controlled

fl oodi ng, no burning of crop residues, and crop rotations.

O hers see the Delta | ands as appropriate |location for areas to be
returned to wetl ands, such as managed wetl| ands, to provide year-
round habitat for mammals and birds. In sone situations, the
wet |l and projects would be mtigation for adverse inpacts caused by
construction projects in other parts of the Delta or nearby areas.
An exanple is the 100-acre mtigation site proposed by Cal Trans
near Stone Lakes (in the Secondary Zone). On islands with |evees,
restoration would require a source of funding for |evee

mai nt enance.
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O her projects woul d manage | ands which currently have high
wildlife habitat values to enhance and protect those values. An
exanple is the proposed U S. Fish and Wldlife Service Stone Lakes
Wl dlife Refuge, south of Sacranmento and west of 1-5. Sonetines
proj ects conbi ne necessary elenments with habitat enhancenent, such
as projects which create wetl ands using treated wastewater from
treatnment facilities. An exanple is the wetland area at the
Sacranento wastewater treatnent facility (in the Secondary Zone);
this concept may al so be used in Contra Costa County, by Ironhouse
Sanitary District on Jersey Island in the Primary Zone.

To increase the amount of riparian habitat, Departnent of Fish and
Gane and Departnent of Water Resources are studying creation of
berms at the waterside foot of the | evees and enl argenent of the
channel islands (10). Exanples of this type of project are

exi sting on Staten Island (San Joaquin County). These areas could
be retained in their vegetated state in perpetuity, in contrast to
the | evees thensel ves which nust be constantly maintai ned.

Mai nt enance activities may result in renoval of sone or al
vegetation on a levee. |If bernms and channel islands are created,

t hey may reduce channel capacity, raising floodwater surface

el evati ons.



Chapter 11. AQUATI C RESOURCES

The extensive waterways in the Delta present a uni que aquatic
habitat wwth great variety. The Delta has |ong been recogni zed as
honme to a great variety of fish and other aquatic organisns, and
has hosted many speci es of exotics (non-native species). Fishing
has | ong been part of the human use of the Delta, fromthe early
Native Anerican inhabitants to today's recreational anglers (11).
Agricultural, municipal, and industrial diversions of the Delta
wat ers have been part of human use of the Delta since the 1850's.
Aquati c resources--phytopl ankton, zoopl ankton, benthos, and fishes-
-are all organisns that occur in Delta waters or sedinments. Each
species plays an inportant role in the ecosystem and many have

bi odi versity, economc, or recreational values. The aquatic
resources can be grouped into two categories: species that are
directly harvested by humans or that support or inhibit the
production of harvested species, and species that are val ued for
their aesthetic or biological characteristics.

Al types of aquatic resources have been undergoi ng dramatic
popul ati on changes and decreases. The introduction of exotic
speci es of phytopl ankton, crustaceans, and fish have permanently
altered the aquatic resources of the Delta.

1. Primary Producers

Primary producers are the |owest |level of the food chain. These are
key elenents in creating a favorable environnment for others which
are | arger.

a. Phyt opl ankt on are very small, usually m croscopic,
singl e-cel l ed nmenbers of the group of sinple plants called al gae.
They range in size fromless than one mllionth of a nmeter to cells
nore than one millineter. Although nost phytoplankton are

phot osynthetic (create food and energy fromthe sun), sone

suppl enment energy needs by assimlating dissolved organic
compounds, detrital particles, or other organisns. Phytopl ankton
are an inportant part of the aquatic food web and are consunmed by
zoopl anktons, invertebrates, and sone larval fish.

Phyt opl ankt on growm h and production in the Delta are controll ed
primarily by available |light for photosynthesis. The |length of
time that phytopl ankton spend in adequate light is -determ ned by
several factors including: water depth and transparency, river
inflow, freshwater export, and the net estuary circulation
patterns.



In general, phytoplankton growth and abundance has declined in the
Del ta, and ot her nearby areas, since the m d-1970's. Al though sone
of the declines represent natural variation and others have been
caused by human activities, the causes are poorly understood. Low
flows during the 1976-1977 drought resulted in extrenely | ow
phyt opl ankton | evels in San Pabl o and Sui sun Bays, while the

hi ghest | evels were observed entering the Delta in the Sacranento
and San Joaquin Rivers. Since 1978, it appears that inproved sewage
treatnent and increased flows from New Mel ones Reservoir have
reduced the excessively high phytopl ankton | evels entering the
Delta in the San Joaquin river. Also, a previously |ess-conmon
phyt opl ankt on- - Mel osi ra granul at a--has dom nated bl oons in the
Delta since the md-1970's. This species is not preferred by

zoopl ankton and in high concentrations clogs the filters of water
treatnment plants and causes taste and odor problens in waters.

A dramatic negative inpact on phytopl ankt on abundance in the
Western Delta and Sui sun Bay has been the unintentiona
introduction of the Asian filter-feeding clam Wthin two years of
the clam s detection in 1986, phytoplankton |evels were down by a
factor of nearly ten. This clam found at densities as great as
25,000 individuals per square neter, also appears to be affecting

i mportant zoopl ankton and ot her benthic speci es.

b. Zoopl ankton are generally free-floating aquatic ani mal s.
Most species are protozoans, rotifers, copepods, or cladocerans,
and are quite small. The largest of these aninmals is about one-

half inch long. There are over two hundred speci es of zoopl ankton
in the Delta and San Franci sco Bay. Many species are major food
sources for fish and ot her organi sns.

During the past decade, popul ations of many zoopl ankton species
have declined in the Delta. Mst species of copepods have

under gone severe, long-termdecline in abundance. Popul ati ons of

t he once-dom nant native copepod--Eurytenora affinis--have

pl umret ed, while two introduced species (Sinocal anus doerri and
Pseudodi apt onobus forbesi) presumably transported fromthe China Sea
in the ballast water of commercial vessels, have greatly increased
in nunbers. Rotifer popul ations have sharply declined throughout
the Delta, especially the San Joaquin River, where they were
formerly nost abundant. C adoceran popul ati ons have al so decl i ned.
Possi bl e reasons for decline include: the droughts of 1970's and
1980' S; decreased phytopl ankt on abundance; increased water
transparency; and introduced zoopl ankton and bent hi c speci es.
Studi es have found that Delta water exports probably had little

ef fect on copepod popul ati ons.



C. Bent hos. Benthic organisns are aninmals that dwell on or
in nmudflats, or at the bottomof the deep water areas. They range
in size frommcroscopic unicellular flagellates to nuch | arger
organi sns. Sonme burrow into the sedinments/ sone live on the
surface of the sedinents. Mst benthic species are filter-feeders
that feed by straining phytoplankton and detritus fromthe water
colum, while others graze on particles that settle to the bottom
Diversity is lowin the Delta, where of the nore than 82 benthic
speci es recorded, five species (a clam two anphi pods, and two
wor ns) account for some 90% of the individuals at nost sites.

2. Crust aceans

Delta crustaceans include crayfish and small shrinp, both inportant
foods to juvenile fish. Crayfish are harvested both conmmercially
and for sport fromthe waters of the Delta. Signal crayfish were
introduced into California from Oregon in about 1898. Signal
crayfish prefer cool waters and are tolerant of salinities up to 17
ppt. They do not burrow and are nobst abundant in areas w th rocky
bottonms or other areas where cover is present. They grow slowy,
not attaining a marketable size of 3 inches until two years of age.
About 250 tons were harvested fromthe Delta in the early 1980's.
Red swanp crayfish grow qui ckly reachi ng marketabl e size of

3 inches in 3 nonths. The red swanp crayfish dig 2-inch-in-

di aneter burrows as deep as 40 inches into di kes and streansides
and can tolerate salinities as high as 30 ppt. Two species of
shrinp are found in the Delta. The native California Bay shrinp
prefer the alnost fresh water of the Delta and are comon food for
many fishes. The Pal aenon macrodactyl us, introduced fromKorea, is
found in the western Delta.

3. Fi sh

At the time of the Gold Rush, the pristine aquatic environnment of
the Delta provided habitat for |arge popul ations of sal non,

steel head trout, and scores of other species. The first comercia
fisheries were established between 1848 and 1859, when Italian

i mm grants began to catch salnon. In 1863, the world's first

sal non cannery was established in Yolo County, across the
Sacranmento River fromthe Cty of Sacramento. By the 1870's there
was a desire to inport new species to increase production. Striped
bass and Anerican shad were introduced at that tinme. Since the
turn of the century, fisheries have



declined as indicated by bans on comrercial take of white sturgeon
in 1901, steelhead trout in 1927, striped bass in 1935, and
American shad in 1957. Today, no fish are comercially harvested
in the Delta. The sport fishery is also in decline, although sport
fishing is one of the nost popul ar recreational uses in the Delta.
Fifty-two species of fish have been identified in the Delta. Mst
were introduced fromthe East Coast, Asia, or Europe. Sone are
resident, spending their entire lives in the Delta channels (Delta
snmelt); others live in the Delta only at particular times in their
life cycle (Chinook sal non).

Four species of fish have received special attention because of
their comrercial, recreational, or ecological value. Two of these
are natives: Chinook salnmon and Delta snelt; and two are

i ntroduced: Striped bass and American shad. Except the snelt, al
are anadronous, spending a portion of their lives in salt water and
returning to freshwater streans to spawn. These four species are
di scussed because their status represents the general devastation
of the fisheries in the Delta. The heartbreaking di m ni shment of

t hese four species is the subject of much study in the scientific
and resource managenent fields. At this tine there are no rea
answers; just nmuch concern about the continued viability of the
Delta's aquatic habitats.

a. Chi nook Sal non, also called King sal non, has been highly
val ued for hundreds of years. The fish nature in the ocean, then
m grate through the Delta to spawn in the gravel of streanmbeds in
t he Sacranento-San Joaquin river system There are four runs,
desi gnated by season: a fall run that enters fresh water July to
Novenber and spawns in Cctober; a late-fall run that enters fresh
wat er Cctober to February and spawns in January; a wi nter run that
enters fresh water January to June and spawns in April; and a
spring run that enters fresh water March to July and spawns in
August. After hatching, the juvenile salnon travel downstream
t hrough the Delta to San Franci sco Bay and on to the Ccean.

Each year 10 to 50 mllion juveniles, or snolts, enter Suisun Bay
fromthe Delta. Historically, the fall run fish went to Sacranento
River and the spring went to San Joaquin River. Dam construction on
the rivers draining into the Delta have reduced the spawni ng
habitat from6,000 mles to 300 mles. During 1981-1989, the
average annual total of all runs was 285,000, a decline of nearly
70% fromhistoric | evels. About 80% of all Chinook now are
Sacranento River salnon; nore than 90%are fall-run fish. The

wi nter run has been nearly elimnated (from 120,000 to 191 in 1991)
and has been listed on the federal and state endangered species
list.



Factors | eading to decline include the bl ockage of upstreammgration by
dans, degradation and | oss of spawning habitat fromfill and sedi nentation,
unscreened and i nadequat el y screened di versions, acid mne drai nage, and
possibly pollutants in agricultural runoff. For the winter run, a
particularly inportant factor is elevated water tenperature in the Sacranento
R ver during late spring.

To of fset these | osses, five hatcheries produce and rel ease about 30 mllion
young fish each year. The ocean comrercial and sport sal non fisheries have
been mai ntai ned by the hatchery fish. Hatchery fish were 2%of the catch in
the 1950's and 60's, and nore than one-third of the catch in the 1980 s.
Sudy of the hatchery fish point to two inportant conclusions. First, that
ocean harvest rates are high and probably exceed | evels that will produce the
m ni num sust ai ned yi el d from popul ati ons dependent on natural production.
Second, that natural stocks are being over-harvested. The fact is that

w thout the hatchery fish spawn, natural production woul d be substantially
less. There are long-termrisks associated wth the dependence on hatchery
fish due to genetic fitness issues.

b. Striped Bass was introduced into the Bay/Delta area in 1879 and in
1882 fromstock brought fromNew Jersey. Wthin a, decade, Sriped bass were
fished commercially. At the peak of the fishery, at the turn of the century,
nore than one mllion pounds of stripers were regul arly taken each year,
nostly fromthe Delta. The commercial fishery was ended in 1935, but the
Sriped bass has renai ned an i nportant recreational fish. Sriped bass are
anadronmous and spawn in fresh water. (he-half to two-thirds of the eggs are
produced in the Sacramento Rver, north of the Aty of Sacranento. The
remai nder are produced in the San Joaqui n R ver, downstreamof Venice Island.
Spawni ng occurs in the Sacranento Rver frommd-May to md-June and in the
San Joaquin fromlate April through May. The eggs are carried downstream on
currents. They hatch after two or three days and begin feedi ng on
zoopl ankt on, then opossumshrinp. In their second year, they eat Bay shrinp
and snal ler fish (including Delta snelt). The waters of the Sui sun Marsh
west of the Delta are a key nursery area for the juvenile striped bass.

In recent years, the nunber of Striped bass has dropped dramatically. In the
early 1960's, the adult popul ati on was about three mllion, and in 1990 had
dropped to about 500,000. The indicator of young Striped bass, the Sriped
Bass I ndex, has declined froma high of 117 in 1965, to 4.3 in 1990. The
sport catch has al so dropped fromabout 750,000 in the 1960's to | ess than
150, 000 in the 1980 s.



According to the Departnent of F sh and Gane, reasons for the decline nay
i ncl ude:

Del ta water diversion,

Reduced Delta outfl ows,

Low San Joaquin River inflow,

Water pollution, toxic chem cals, and trace el enents,
Dr edgi ng and sedi ment di sposal,
Wetland filling,

Il egal take and poachi ng,

D seases and parasites,

Annual die-off of adult bass,
Commerci al Bay shrinp fishery, and
Exotic aquatic organi sns.

c. American Shad was introduced in 1871. Wthin eight

years, it supported a commercial fishery. From1900 to 1945,
annual harvest frequently exceeded one mllion pounds. The

popul ation declined after 1945, and the commerci al take was
banned in 1957. The current adult population is estinmated to be
about three mllion, about one-third to two-thirds the popul ation
inthe early 1900's. However, there are presently no sanpling
prograns whi ch provide a satisfactory neasure of the shad

popul ation, so their status remains unclear. Shad is still a
popul ar recreational catch in the Delta.

Shad historically spawned throughout the | ower reaches of the Sacranento and
San Joaqui n R vers. Today, the San Joaqui n no | onger supports significant
spawni ng activity. The naj or spawning areas are the Feather, the |ower
Anerican, and the Sacramento upstreamof the Anerican. Shad spawn in open
water in May to June and eggs drift on the current until hatching in four to
six days. In the Delta, young shad feed on zoopl ankton, includi ng opossum
shri np.

Fact ors whi ch have affected the decline of the shad may
i ncl ude:

H evated water tenperatures in the spawii ng and nursery areas, inadequate
water quality in the San Joaquin R ver, Salinity increases, and Freshwat er
di ver si ons.

d. Delta Snelt is one of the few renaining native species found in the
upper reaches of the Delta. The delta snelt was desi gnated "endangered" by
the US Fish and Widlife Service in April of 1992 and is designated as
"threatened" by the Departnent of F sh and Gane. The range extends from
Isleton on the Sacranento R ver and from Mssdal e on the San Joaquin R ver,
down river to Suisun Bay.

The snelt spawn in the sloughs and channel s in the upper Delta. The enbryos
are adhesive, sticking to hard surfaces, such as rocks, gravel, and tree
roots. Young and adult delta snelt inhabit surface and shoal waters of the
nain river channel s where they feed entirely on copepods and ot her

zoopl ankton. Prior to their sharp decline in abundance in 1984, delta srelt
concentrated in the shall ow water areas of the entrapnent zone (the areas
where the salty ocean waters and fresh waters neet and mx) in salinities



ranging from2 to 6 ppt (12). S nce 1984, the entrapnent zone has been
| ocat ed upstreamof Suisun Bay in the deeper river channel s and the snelt
have al so noved upstream

The Delta Snelt Index shows a dramatic drop in
popul ati on from1650 in 1981, to 400 in 1990. Factors for the decline
i ncl ude:

Decline in natural food supply,

Entrai nnent (Delta snelt virtually

never survive entrai nnent),

Reverse flows in the San Joaquin R ver,

Possi bl e predation and conpetition fromnon-native
speci es, such as Inland silverside and Striped Bass,
Increased salinity,

D version of freshwater.

4. Future Prograns to Protect and Enhance Aquatic Habit at

The scientific, resource nmanagenent, and water nanagenent fields are all
careful |y studyi ng water resources to determne neans of protecting the
exi sting species and inproving the overall aquatic health of the Delta.

In addition, several pending | awsuits and new federal guidelines are intended
to positively affect aquatic habitat. Recent court actions nmandate rel ease of
water fromFriant Damto enhance aquatic habitat in the San Joaquin R ver
(13).

Prograns currently bei ng proposed i ncl ude:

Rel ease of additional freshwater from upstream dans.

Dredging and installation of tenporary dans to pronote water
circul ation.

Possi bl e creati on of new shal l ow areas for spawning, for exanple in
the formof new berns constructed on the water sides of |evees or by
filling ol d dredger cuts.

The Departrent of F sh and Gane's special anti-poachi ng programto protect
against catching fish in the Delta for coomercial sale, and agai nst use of
ocean fishing equi pnent, such as set lines or gill nets.



Chapter 111. WLDLI FE RESOURCES

According to historic sources, the Delta supported rich and di verse
w ldlife populations prior to 1850. Many species were associ ated with the
hundreds of square mles of freshwater marsh in the Delta. The riparian
woodl and that grew on the higher, natural alluvial |evees along the periphery
of the Delta were extrenmely valuable in terns of diversity of species.
Accounts describe multitudes of waterfow "darkening the surface of the bays"
and white geese giving the ground the appearance of being covered wth snow
(14).

The Delta was hone to | arge nunbers of fur-bearing nammal s i ncl udi ng
beaver, river otter, bobcat, and raccoon. Trappers over harvested the beaver
in the Delta and hundreds of thousands of waterfow were harvested for
coomercial sale. Delta habitat was al so changed dramatically wth the advent
of land reclamation for agriculture, and the start of hydraulic mning which
washed mllions of cubic yards of silt and sedinent into the Delta and
downstream In the Delta, 320,000 acres of tidal freshwater marsh and
riparian habitat were reclainmed for agriculture, elimnating nearly all of
the marsh habitat and reduci ng popul ati ons of birds and nammal s dependent
upon them Alisting of wildlife species nowfound in the Delta is attached:

Appendi x A
1. Brds

Qearly the conversion of wetlands and riparian corridors to farmands
has severely restricted and nodified habitat for bird life. Hstorically,
bi rd popul ations consumed native seeds and grains in the wetland and ri pari an
areas. Substantial nunbers of species and | arge nunbers of individuals
continue to use the Delta as pernanent and seasonal habitat and have adapted
to the agriculturally-influenced environnent and | andscape.

As noted previously, the riparian habitat still supports nany types
of birds and many birds live in the agricultural areas. Species include
Geat Bue Heron, wth a colony is located at North Sone Lake, and G eat
Egret, with a colony at North Sone Lake and a colony at Shernan I sl and.

Waterfow use the Delta as an inportant staging and wintering area in
the Pacific Hyway, the vast area used by mgratory birds to travel between
breedi ng grounds and wintering areas (15). VWaterfow in the Delta during the
period 1981 to 1990 included: Northern Pintail (35%; Geese (27.2%; Tundra
Saans (17.1%; other Dabbling Ducks (10.5% and DO ving Ducks (8.6% (16).

The annual inventories showthat the Delta provides habitat for 10%of the
Sate's wntering waterfow. Wse inthe Deltais limted early in the season
and peaks later inthe fall and wnter. Use appears to be related to the
tine of flooding. The Delta is the nost inportant wintering area for tundra
swans wthin the Pacific H yway.

Dabbl i ng ducks include: nallard, gadwal |, Arerican w geon, green-w nged
teal, cinnanon teal, and northern shovel er. D ving ducks include: redhead,
canvasback, ring-necked duck, greater scaup, |esser scaup, common gol deneye,
Barrow s gol deneye, buffl ehead, ruddy duck, and others. Breedi ng popul ati ons
of mallards, pintail, and wood ducks inhabit in the Delta.



The wintering waterfow nove about based on weat her conditions, water
conditions, food availability, time of flooding, and season. Wen the w nter
rains begin, waterfow |eave Suisun Marsh, Napa Marsh, and San Pabl o Bay, and
nove to the Delta and other areas. Large nunbers of birds cone to the Delta
when farners begin to flood their agricultural fields; early floodi ng
attracts | arge nunbers of waterfow.

The Delta agricultural |and provides val uabl e habitat for wntering
waterfow . |In the past 25 years, najor crops have shifted from pot at oes,
asparagus, and tormatoes to corn, sorghum alfalfa, and pasture grasses.
These new crops favor waterfow by providing greater anounts of food and are
supporting larger concentrations of waterfow in the Delta. The waterfow
wll eat the grains available. In the Delta, corn is abundant, however,
further north, waterfow consune rice. Mich of the value of agricultural
lands in the Delta result fromthe practice of flooding fields in the w nter
to leach out salts and to control weeds and insects. Because corn, probably
the nost val uable crop to waterfow, is among the nost salt-sensitive, corn
fields required regul ar leaching. Generally about 25%of the Delta islands
are flooded by m d-Decenber and this coincides with nornmal peaks in waterfow
use. In general, geese and swans nake the nost use of flooded agricul tural
fields.

Nonf | ooded agricultural fields are secondary in inportance. However,
both white-fronted and snow geese prefer to feed i n open, nonfl ooded corn
fields.

Gl den eagles live north of the Delta and hunt in the open, flat |ands
wthin the farmed | ands. Loss of habitat has been a naj or cause of decline
of the gol den eagle, along wth shooting, collisions and el ectrocution, |ead
poi soni ng, and hunan di sturbance of nest sites.

Bald eagles |ive outside the Delta in the Gosutnnes R ver area.
Qurrent threats to bald eagles are collisions wth towers and powerl i nes,
shoot i ng, poi soning, and el ectrocution.

Snai nson' s Hawk was desi gnated "threatened” by the State of California
in 1983. Swainson's Hawk adapt to foraging in agricultural fields,
pastures, and fallow areas. About 9%of the State's popul ation nests in the
Delta west of Stockton on Mddl e Roberts, Union, and Coney Islands; al ong
S eanboat S ough and the Sacramento R ver fromlsleton north to Gourtl and;
and at the confluence of Dry O eek, the Mkel unme and Cosummes R vers and
Snodgrass S ough. Adverse inpacts include | oss of nesting habitat due to
| evee mai nt enance and associ ated vegetation renmoval , urban and agri cul tural
expansi on, and conversion to crops such as vineyards and orchards whi ch
restrict foraging.

Qeater Sandhill Ganes winter inthe Delta. Over two-thirds use the
Delta as a wintering area. Roosting areas include Brack Tract and S aten
Island. Sandhill QG anes have been known to die after collisions with
powerlines in foggy conditions.

Shorebirds al so use the Delta. Shorebird use i s dependent on
agricultural practices, especially crop patterns and the floodi ng of fields.
Extensive early fall and spring flooding of plowed fields can result in |arge
concentrations of shorebirds. At |east 27 species occur annually in the
Delta. Killdeer, black-necked stilt, American avocet, snowy plover, and



spotted sandpi per are the only nesting species. Qhers are seen only during
mgration or in wnter.

2. Mammal s

Many mammal s reside in the Delta area, although the nunbers are
severely reduced from 1850 and sonme speci es-bear, el k--have been extirpat ed.
Muskrat, beaver, and mink are still hunted for their pelts. MNamals that
burrowinto the | evees are unpopul ar with reclamation districts. Sone of the
nmamral i an i nhabitants of the Delta are coyote, skunk, raccoon, opossum
ground squirrel, riparian brush rabbit, San Joaquin Valley woodrat, ringtail,
and aquati c speci es such as beaver, nuskrat, mnk, and river otter. Feral
cats can be found near devel oped ar eas.

3. Qher Terrestrial Soecies

a. Anphi bians generally occur in narsh or riparian habitats. Due to
| oss of these habitats, anphibian populationis limted. Salananders occur
in upland habitats. The native red-1egged frog has been desi gnated as a
speci al status species. Bullfrogs, an introduced species, are now abundant
and are collected for human consunption. California tiger sal amander, which
sonetinmes use farmponds for breeding, is designated a "species of concern".

b. Reptiles Most reptiles live in upland or agricultural areas. The
only aquatic reptiles are western pond turtle, western aquatic garter snake,
and giant garter snake. Reptiles are the only animal group in the Delta with
no i ntroduced speci es.

C. Insects A variety of insects are coomon in the Delta, many of
whi ch are associated wth crops grow in the Delta and are controll ed as part
of agricultural |and managenent.

The Valley Hderberry Beetle lives in riparian woodl ands. Due to limted
riparian habitat, the beetle is listed as a federal "threatened species".

Mbsquitos continue to thrive in nmoist habitats in the Delta,
representing both an irritant and health hazard to hunans. The |ife cycl e of
nosquitos is directly related to water applications and can be control | ed by
water flow depth, and circulation; by introduction of predators (nosquito
fish); and by application of control agents. Substantial public funds are
dedicated to controlling nosquitoes. Prograns are carried out Mosquito
Abatenent Districts, special districts wth elected Boards of Drectors.

4, Factors Adversely Affecting Wl dlife Popul ati ons

The major determnants of wldlife abundance and distribution
include habitat |oss and degradati on, hunting, di sease, predation,
pol I utants, conpetition fromintroduced speci es, and hunan di st urbance.

a. Habitat Loss and Degradation. Quantity and quality of habitat is
one of the nost inportant factors determning the size and health of wildlife
popul ations. S nce 1850, wldlife habitat has changed and been di m ni shed
dramatically; 97%of the original tidal wetlands in the Delta have been
converted to farntand or other use.

Mbdern farmng nethods allowng earlier nmaturation of crops, and
thus earlier harvesting have affected birds that nest in agricultural fields.



Transition fromfield crops to permanently planted crops, such as vineyards,
have al so affected useful ness of agricultural lands for wildlife habitat; the
food products have | ess value and the formof the plants prevents use by nany
birds. The vegetation on | evees nust be renoved fromtine to tinme to all ow
nai ntenance of Delta levees and in the | ast decade, nost of the Delta | evees
have been upgraded resulting in | oss of nuch vegetation froml evees.

Erosion has resulted in | oss of habitat on the water side of
| evees, berns, and channel islands. FErosion of Delta | evees is caused by
natural forces, water transfers, and recreational uses. P acenent of riprap
to protect against erosion has resulted in | oss of sone habitat. Sea |evel
rise as aresult of global warmng could result in loss of |ow elevation
berns and channel islands. Gonstruction of roads, pipelines, canals, and
electric lines create barriers to travel which can result in loss of life.

b. Hunting. Hunting results in substantial take of waterfow.
However, hunters' fees support state and federal prograns which hel p provide
habitat for waterfow and provide education and nanagenent prograns which
result in nore and better managed areas for waterfow habitat thus protecting
overal | population. In addition, |ands which are hunted seasonally are
nanaged to naxi mze habitat values for all avian species. Hunting of fur-
beari ng species dramatical |y dropped during the 1980' s--20,554 in 1980 to
2,259 in 1988 (17).

C. D sease. D sease is a mgjor cause of death anmong wat erf ow
wntering in the Delta and throughout the State. The effects of disease are
conpounded i f popul ations are concentrated in increasingly small habitat
areas. OQvercrowding, poor habitat quality, and adverse weather contribute to
the spread of di seases such as avian chol era and botulism The Delta is one
of two areas considered a focal point of avian cholera. It is believed that
the gradual expansion in the range of chol era outbreaks during the past 35
years nay reflect interactions anong the disease, habitat deterioration, and
i ncreased pol | ution fromchlorinated pesti ci des.

d. Predation. HEfect of predation is usually most pronounced during
t he breedi ng season and on popul ati ons al ready reduced i n nunbers and
exi sting in poor habitats.

e. Pol lutants. Pollutants include trace el enents and persi stent
organi c chemcals. Another source of pollutionis fuel spills fromvessels in
Delta waters.

f. I ntroduced Species. Species that have been introduced are now
conpeting with and affecting popul ati ons of previously established wldlife,
yet introduced species are sone of the nost popular with fishernmen (American
shad, Catfish, and Sriped bass). |Introduced species such as the Asian clam
are affecting the conposition of the benthic community, thus affecting food
web relationships. The result of the introduction of this species nay affect
fish, birds, and waterfow in the Delta area.



. Human D sturbance. Véterfow are disturbed by hunters on the
ground, fishermen, and boaters,- public access nay disturb nesting birds.
Agricultural activities such as nmow ng and harvesting adversely affect birds
whi ch nest on the ground.

5. Qoportunities to Enhance WIdlife Habitat

Several neans of enhancing wldlife habitat have been identified by
wldife nmanagers and scientific experts. To increase wldlife popul ati ons,
prograns focus on increasing the amount and quality of habitat.

a. I ncrease Acreage of Seasonally Hooded Agricultural Land. Qne
naj or programfor enhancing habitat, particularly for wntering waterfow, is
the Central Valley Habitat Joint Venture, a programdevel oped by Sate and
Federal wldlife agencies and non-profit groups to increase acreage in
grains, which serves as food for mgratory waterfow, and increase w nter
fl ooding of those |ands to serve as feeding and resting areas. The program
has set a goal of about 40,000 acres of winter flooded | ands in the Delta.
QG her groups and individuals are voluntarily partaking in such activities.
An outstanding exanple is the 9,000 acre M& T Saten Ranch whi ch vol untarily
floods its fields in fall and winter; January 1993 bird counts showed 80, 000
ducks, 20,000 geese, 5,000 tundra swans, and 14, 000 | esser and greater
sandhi || cranes on the Ranch. A nost 80%of the Pacific Hyway's greater
sandhi || cranes, a threatened species, wnter on and around Saten |sland
(18). Careful nmanagerent techni ques nust be followed to ensure that risks to
human heal th fromi ncreased nosqui to production are mni mzed.

b. | ncrease Acreage of Wtlands. In sone areas of the Delta, plans
are underway to enhance existing seasonal wetland areas and to create new
nmanaged wetl and areas in lands that were once used for agricultural purposes.
The Sone Lakes WIdlife Refuge proposes enhanced managenent of seasonal
wet | ands and wi Il rmanage areas of newy created wetlands, such as a 100-acre
nanaged wetl and currently being proposed by Cal Trans in the Secondary Zone
near Stone Lakes. Hunting would not be allowed in the Refuge and public
access woul d be provided, but controlled and limted. In addition, there are
proposal s to convert Twitchell Island into a nanaged wetl and, convert parts
of Sherman Island to nmanaged wetl| and, and seasonal | y nanage Hol | and and
Boul din Islands as waterfow habitat (part of the year the Islands woul d be
reservoirs). Hunting is a key conponent of the nanagenent and use of several
of these Islands. Careful managenent techni ques nust be followed to ensure
that risks to hunan health fromincreased nosqui to production are mni mzed.
Loss of riparian wetlands has been dranatic. Several prograns are underway
to replant areas to re-establish riparian vegetation al ong wat erways.

C. D scourage I ntroduced Species. There are many introduced speci es
inthe Delta; many of whi ch aggressively conpete with native species. It is
difficult to renove exotic species once they are established. Introduction
of exotic species is one dramatic factor of change in the Delta since 1850;
one that cannot easily be nodified.

d. Gontrol / Reduce Disease. Qeation of larger, well-nanaged areas
for wntering waterfow should di mnish the spread of disease. Careful
managenent of the permanent and seasonal wetlands will protect the quality of
the habitat by preventing pollution either fromwater or from | and-based
activities.



e. Reduce Predation. Qeation of larger areas for habitat will also
i ncrease the chance for survival of wldlife, such as ground nesting birds.
Wiere nesting areas are limted to a narrow band of habitat along a
cultivated field, predators have a high likelihood of |ocating nests.
Gontrol ling harvesting dates to al | ow nmaxi num nunber of eggs to hatch in
nests located in agricultural fields wll al so enhance survival rates.



Chapter |1V. PHYS CAL FEATURES
1. Geology (19

The geol ogy of the Delta area is the physical franework of the
area. The geol ogy defines the underlying physical structure of the area
and the natural factors and processes, such as soils, elevation,
seismcity, and tendency toward fl oodi ng.

The geol ogi ¢ processes contributing to the Delta' s formation
i ncl ude noverrents of the earth's crust during the past 150 mllion years
that transforned the region fromdeep ocean to continental hills and
val l eys, and creation of a bedrock trough in which lies San Franci sco
Bay. A though the origins of the area date back to the early P iocene
Epoch, sone 10 to 12 mllion years ago, the Delta has existed for only
about 5, 000 years.

Sea |l evel fluctuations played an inportant roll in formation of the
Delta. Evidence fromcore sanples indicates the area has gone through at
| east three cycles of energence and subnergence in the past mllion
years. At the end of the last glacial period, 15,000 to 18,000 years
ago, the seas began their nost recent rise. A that tine, the shoreline
of the Pacific Qcean was beyond the Farallon Islands. To reach the
Qcean, the Sacramento and San Joaquin Rivers flowed past Angel Island and
the Gol den Gate and crossed the continental shelf for nore than 20 mles.

About 10,000 years ago, sea level began to rise. Initially, the
rise in sea level was rapid, averaging nearly 0.8 inches each year and
sea wat er advanced across the basin floor at a rate of nearly 100 feet
each year. About 5,000 years ago, as gl aci ers reached approxi nately
their present size and the rise in sea | evel slowed narkedly, waters
were about 25 feet lower than their present level. |In the intervening
5,000 years, the sea
continued its slowrise and the estuary eventual |y reached its current
el evation. Many scientists believe sea level is continuingto rise.

The Sacrament o- San Joaquin Delta formed in an unusual way. Unlike
nost deltas, which grow seaward as sedinents are deposited at river
nout hs, the Sacranent o- San Joaquin Delta forned far inland fromthe ocean
and grew in an upstreamdirection. The Delta was caused by a barrier of
bedrock at the Carquinez Strait which trapped sedinents carried by the
Sacramento and San Joaquin R vers. As the sedinents accunul ated at the
confluence of the two rivers, there evol ved a 540-square-nmle freshwater
mar sh on sone 80 islands surrounded by hundreds of mles of channels.
Wthout the barrier, the sediments woul d have washed downstream

The natural landforms included |ow | evees or berns of mineral soils
about five feet above sea | evel alongside the major channels. The islands
were nuch as they exist now, but with [owlying wetland areas in the center.




Soils are a key resource of the Delta area. Wiile the Delta soils
define the area as a valuable agricultural area, past soil managenent
practices have resulted in subsidence of the peat soils in the central
Delta. Better management of peat soils is a key to |ong-term managenent of
the central Delta area.

The soils in the outer edges of the Delta are usually conprised of
wel | -drained | oam sandy |oam and clay | oamsoils. These soils are usually
l evel to sloping and are the periphery of the Delta. Sandy soils are also
| ocated in the channels of the main waterways of the Sacranento River.

Muich of the Delta has organic soils, including peat, organic silt,
organic clay, and mneral soils containing nore than 25%organics. Delta
peat soils are nmostly fibrous, fornmed fromtules and reeds, forned in open
water fromplants, pollen, and |eaves. Delta peats contain a high proportion
of cellulose and have a high water-holding capacity. Delta peats contain
from2%to 3.5%nitrogen and when drai ned make excellent agricultural soils.
The depth of the soils is up to 40 feet thick. The areas with the deepest
organi ¢ soils include Southern Grand Island, Southern Tyler Island, Southern
Brannan Island, Twitchell Island, Northern and Southern Sherman Island,

Veni ce Island, Medford Island and eastern Bouldin Island (see Figure 8).
The earliest organic soils in the Delta have been carbon dated at about
11,000 years of age.

The organic soils fornmed on five different geologic naterials:
granitic and sedinentary deltaic deposits of the Sacramento River; granitic
and met anor phi ¢ sedi nentary del taic deposits fromthe Mbkel ume River
system fine granitic sedinmentary deltaic deposits fromthe San Joaquin
River; eolian and metanorphic deposits of the Coastal Range; and deep
estuary fine grained sedi ment deposits fromthe comnbined deltaic systemns.

The organic soil is subject to subsidence, a decrease in
| and surface elevation. N ne different causes of |and subsidence
have been identified. The surface processes include: mcrobial
deconposi tion, shrinkage, w nd erosion, anaerobic deconposition, and
burning. Were oxidation rates are greatest, making it infeasible and
uneconom cal to continue farmng, consider retiring sonme |ands from
agriculture to wetland habitat restoration, water storage, or
recreation.

b. Shrinkage. Qganic soils shrink up to 50%in vol ume when t hey
becone thoroughly dry. DMR estinates overal |l subsidence to be one to three
i nches per year and that nost of the overall subsidence is fromsurface |oss
(mcrobi al deconposition and wi nd erosion). Wen surface |oss occurs, the
water table is lowered by an anount equal to the |oss, thus exposing nore
soil to subsidence fromshrinkage. Shrinkage depends upon oxidation to
expose new soi |l for shrinking.

To control shrinkage, keep water |evel or soil saturation as close to
the surface as possi bl e.

C. Wnd Erosion. Under certain conditions, wnd erosion in the Delta
can be very severe, but is currently considered a mnor contribution to
subsidence. Dry organic soils are very light and easily blown. In the
1950's and 1960 s over 90,000 acres were devoted to white asparagus
cultivation where dry organic soil was hilled up around the plants. The soil
was subjected to wnd erosion frommd-April to md-June, the wndiest tine



of the year. Studies at that tine determned that w nd erosion accounted for
about 0.1 inch of soil loss per year. Qowers planted barl ey as w ndbreaks in
the asparagus fields whi ch reduced wi nd erosi on about 80% Mst of the
current wind erosion is fromopen, plowed fields.

To control w nd erosion, naintain vegetative cover or water cover
during w ndy periods; install w ndbreaks; use inter-row plantings of tall,
early grow ng snmall grains; use crop residues; and use conservation tillage
(mnimze the nunber of tines of tilling per year).

d. Anaer obi ¢ Deconposition. Studies in the 1960's found that the
cycle of wetting and drying organic soil actually accel erates the rate of
deconposi tion resul ting in subsi dence. Consi derabl e deconposition takes pl ace
i medi ately bel ow the groundwater table, particularly if the groundwater
table is subject to rapid fluctuation. Anaerobic deconposition is currently
deened very mnor.

To control anaerobi c deconposition, various agents can be used to
negatively affect mcrofauna and bacteria. In sone areas, adding agents w |l
not work and agents shoul d not be applied in areas where water quality is a
consi derat i on.

Deep subsidence results fromtectonic nmoverment, consolidation from Natural
gas W thdrawal, and natural consolidation. $Sudies indicate that deep
subsidence is a snall part of the overall subsidence problem nore than 75%
of the total subsidence of Delta organic soils is due to mcrobial
deconposi tion, caused largely by agricultural activities (21). Qurrent
studies by the Departrnment of Véter Resources (DMR and U S. Geol ogi cal
Survey reinforce indications that drying the soil and increasing tenperature
are key factors in subsidence (22).

Farmng of the Delta dates fromthe passage of the Snmanp and Overfl ow

Act of 1850. The first levees were built inthe late 1860's and by 1920 the
Delta was alnost entirely in cultivation. By 1922, it was al ready apparent
that the clearing, draining, and tilling had caused appreci abl e subsi dence of
the Delta islands. A University of California study published in 1950 stated
that the islands studied had subsided 4.5 to 6.5 feet and were continuing to
subside at a rate of 3 to 3.5 inches per year. DMR studies in 1980 indicated
that the central Delta had subsided 10 to 21 feet by 1980 and that subsi dence
continued at rates of fromone to three inches per year (see Figures 9 and
10) .

a. Xidation. The formation of organic soils depends upon the
exi stence of poor drainage conditions over an area for a long period of tine.
These conditions occur in narshes where the rate of plant growh is greater
than the rate of plant deconposition. xygen is excluded fromthe soil by
excess water and in this anaerobic environnent, deconposition is slower.

Wen organic soils are drained and cul tivated, oxygen is
introduced into the soil and the tilling of soil changes the condition to
aerobi c conditions where mcrobial deconposition is vastly accel erated.
Tillage is not, however, essential to the oxidation process. Subsidence has
occurred where soils have not been tilled in years.

Two primary factors in the rate of subsidence are
tenperature and noi sture. Mcrobial deconposition increases wth higher
tenperatures and decreases wth higher noisture. DMR staff believes the nost



ef fective neans for controlling mcrobial deconposition is pernmanent
i nundat i on.

To control oxidation, control water |evel as close to the root
zone as possible (tw feet or |ess bel owthe ground surface during croppi ng
season) and raise to ground | evel when crops are off.

In addition, inland of |evees |eave a wde wetland/w ldlife
strip, naintained as pernanent wetland. SB 34 gives the DR the authority to
acquire easenents up to 400 feet in wdth along | evees to control subsidence.

Were oxidation rates are greatest, making it infeasible
and uneconomcal to continue farmng, consider retiring sone | ands
fromagriculture to wetland habitat restoration, water storage, or
recreation.

b. Shrinkage. Qganic soils shrink up to 50%in vol ume when t hey
becone thoroughly dry. DMR estinates overal |l subsidence to be one to three
i nches per year and that nost of the overall subsidence is fromsurface |oss
(mcrobial deconposition and w nd erosion). Wen surface | oss occurs, the
water table is |owered by an amount equal to the | oss, thus exposing nore
soi | to subsidence fromshrinkage. Shrinkage depends upon oxidation to
expose new soi |l for shrinking.

To control shrinkage, keep water |evel or soil saturation as close to
the surface as possi bl e.

C. Wnd Erosion. Under certain conditions, wnd erosion in the Delta
can be very severe, but is currently considered a mnor contribution to
subsi dence. Dry organic soils are very light and easily blown. In the
1950' s and 1960' s over 90,000 acres were devoted to white asparagus
cultivation where dry organic soil was hilled up around the plants. The soil
was subjected to wind erosion frommd-April to md-June, the wndiest tine
of the year. Studies at that tine determned that w nd erosi on accounted for
about 0.1 inch of soil loss per year. Qowers planted barl ey as w ndbreaks in
the asparagus fields whi ch reduced wi nd erosi on about 80% Mst of the
current wind erosion is fromopen, plowed fields.

To control w nd erosion, naintain vegetative cover or water cover
during w ndy periods; install w ndbreaks; use inter-row plantings of tall,
early grow ng snmall grains; use crop residues; and use conservation tillage
(mnimze the nunber of tines of tilling per year).

d. Anaer obi ¢ Deconposition. Studies in the 1960's found that the
cycle of wetting and drying organic soil actually accel erates the rate of
deconposition resulting in subsi dence. Consi derabl e deconposition takes pl ace
i mredi ately bel ow the groundwater table, particularly if the groundwater
table is subject to rapid fluctuation. Anaerobic deconposition is currently
deened very mnor.

To control anaerobi c deconposition, various agents can be used to
negatively affect mcrofauna and bacteria. |In sone areas, adding agents wl |
not work and agents shoul d not be applied in areas where water quality is a
consi der ati on.

e. Burning. Prior to 1950, it was comon practice to periodically



burn off the upper three to five inches of soils to clear the fields and
destroy weeds, weed seeds, and plant pests. A 1950 study determ ned that every
part of the study area had been burned at |east once to a depth of three to
five inches and sone areas were burned three to four times. CQurrently, burning
is less widespread and nmore controlled. Sone farnmers burn over danp soil to
protect the soil. DWR estimates the rate of soil |oss from burning was

approxi mately 0.1 inches per year on fields that were burned. Burning is also
a hazard to residential and other uses of the Delta, as the peat soils can burn
underground for |ong periods of tine.

To elimnate burning loss, stop use of burning as a maintenance
tool .

3. Cassification of Soils for Agricultural Use.

Local governnents work with the State governnent to protect soils deened
most inportant for agriculture. Under the “WIlianson Act”, soils are studied
and desi gnated by the Departnent of Conservation. Lands which qualify can enter
into an agreenent with the Counties which result in |owered property taxes, a
key factor in protecting agriculture. The Departnent of Conservation al so
monitors conversion of agricultural |and to other uses.

Local governments have used soil designations as one of the key factors
for categorizing land in their Ceneral Plans and Zoning Ordinances. It is very
difficult to return land to agricultural use once it has been devel oped for
ot her uses such as residential or conmercial use. There is a finite amount of
agricultural land in California and prine agricultural soil has |ong been
recogni zed as a key State resource.

Soil is categorized by the State and Federal governnents as to its
suitability for conmercial agriculture. The best, nmost valuable soils are
called "prime". The factors used to analyze land in the Inportant Farm and
Inventory (IFl) include (23):

Reliabl e supply of water;

Vrm tenperature range and | ong grow ng season;

pH I evel within the root zone between 4.5 and 8. 4;

Water table at a depth sufficient to allow crops to grow,
Sodi um content of |ess than 15% and neasure of electrical conductivity.
Fl ooding no nore than once every two years;

Low soil erodibility and slope of |ess than 2%

Soi |l perneability of 0.15 centineters per hour in the top 20 inches;
Limted rock fragnents; and

M ni num rooting depth of 40 inches.

The I FI includes four categories: prine agricultural |ands;
| ands of statew de inportance; unique |ands; and | ands of | ocal
i mport ance.



Wthin the legal Delta, including the Secondary Zone, the Departnent of
Gonservation has docunented 60%of the area, or al nost 450,000 acres, as
"prine" land. Another 100,000 acres of land are classified as | ands of
statew de inportance, unique agricultural lands, or lands of |ocal value (24)

US Departnent of Agriculture uses Land Capability d assification
(LD Systemto group soils into eight categories (Aass [-M11). The LOCis
often used in precise soil surveys of individual sites and is based on: soil
dept h; surface layer texture; perneability,- drainage; water hol ding capacity;
erosion hazard; flooding hazard; salinity; alkali |evels; toxic substances;
slope; frost-free days; and clinmate indicators. dass | soils have virtually
no limtations; Aass Il soils have sone [imtations. dass | and Il are
of ten grouped toget her as "prine" farnhand.

4, Sei snmic Hazards (25)

The earth's surface is conprised of plates. Faults |ocated al ong these
pl ates nove causing seismc hazards. There is no way to nodify seisnicity;
only ways to mnimze damage fromseismc activity. Because sone of the
Delta | evees were originally built over 100 years ago on soft peat soils and
sands, there are inherent dangers to the levees. |If |evees are danaged in a
seismc event, there coul d be extensive danage to crops, physical property,
utilities, drinking water, and to hunan life.

There are no active najor faults in the Delta regi on, however, there
are several significant faults outside the area which could affect the Delta
area. Wile there is no docunented failure of a Delta | evee associated wth
earthquake activity, the Delta area is particularly vul nerable to seismc
events. |If |evees were damaged, or weakened by a seismc event, the ultinate
i npact coul d be w despread flooding, and crop and property danage.

The San Andreas Fault, site of the 1989 Lona Prieta earthquake, is
| ocated about 60 mles west of the Delta. Movenent associated wth the Loma
Prieta earthquake was felt in the Delta area.

The Sunol - Cal averas Fault and the Hayward Fault are | ocated al ong t he
east shore of San Francisco Bay. A series of faults and fractures, including
the Geen Valley Fault are located in the Solano County area, west of the
Delta. Additional faults are | ocated under the west end of the Delta,
continuing northwesterly of Sacramento. Another series of faults are | ocated
30 mles east of Sacranento.

DMRis continuing to study seismcity in the Delta and recently started
a programto install four seisnmographs. DWR believes that | evee axis nay
play an inportant part in shock effects. Levees in which sei smc novenent
strikes broadsi de nay be nore susceptible to collapse than when shocks are
nore parallel. Sudies also seek to confirmthe hypothesis that peat soils
general | y danpen sei smc energy | evels.

The unconsol i dated nature of the foundation substrate of sone of the
| evees is susceptible to |iquefaction or defornati on due to earthquake
shaki ng and potential |iquefaction; nany of these | evees are located in the
northern and eastern portions of the Delta. In addition, the |evee
construction material is generally unconsolidated silt, sand, organic soils,
and nmud whi ch may exacerbate vul nerabilities in the foundati on.



5 Hooding

Flooding is an inportant public safety issue which is addressed by
local, as well as Sate and federal prograns. Many Counties use a flood
hazard overlay to address and direct |and uses in flood prone areas. The
Federal Erergency Managenent Agency (FEMN programidentifies flood prone
areas and carries out a national flood insurance program FEMA publishes a
series of nmaps identifying these areas.

Fl oodi ng was a natural occurrence in the pre-1850 Delta. H ooding in
the Delta occurs in two ways. First, there is tidal fluctuation tw ce a day
whi ch raises and | owers the water surface in the Sacranento R ver by about
three feet (see Figure 11). Secondly, seasonal flooding occurred when rain in
t he wat ershed exceeded the flood carrying capacity of the river channel s and
spread over the lowlying lands of the Delta. Seasonal flooding carried fine
sediment onto the Delta islands where the waters sl owed down and dropped the
sedi nent .

The frequency of flooding was greatly increased by hydraulic mning in
the late 1800 s. Iltons of tons of silt, sand, gravel, and cobbl es were
washed into the valley rivers for years, obstructing the rivers and greatly
reduci ng capacity to carry floodwat ers.

As settlers devel oped the area, snall |evees, then |arger |evees, were
built toreclaimland and to divert water off individual parcels. By the
1860' s, | andowners had grouped together to create reclamation districts for
joint flood control. By 1910, Sacranento Valley and Delta | andowners had
built 28 mllion dollars worth of flood control works at their own expense.

As early as 1884, flood control began near Auburn. This private effort
hel ped set the pattern for flood control programs. In 1894, a valley-w de
approach to fl ood control was devel oped i ncl udi ng a bypass system
escapeways, and bypass levees. In 1911, the Sate adopted a naster plan to
construct a series of |eveed river channels, weirs and bypasses, and created
the Recl anation Board to carry out the plan.

The plan was adopted by Congress in 1917. The earliest features of the
Sacranento Rver Hood Gontrol Project were the Knights Landing outfall
gates, the Sacramento Veéir, and the Yol o Bypass.

The systemhas continued to control flows in the Sacramento R ver,
however, recent studies (26) indicate that due to extensive devel oprent in
the wat ershed, the design capacity of the flood control systemmay be at
naxi numcapacity. New flood plain opportunities renain that nay augnent the
channel i zed rivers.

Fl oodi ng has occurred in the Central Valley 27 tines since the great
fl oods of 1861-62, an average of once every five years. S nce 1950 there have
been 11 nmaj or floods, nost recently in 1986 (see F gures 12 and 13). HE ght
naj or reservoirs have been constructed in the watershed whi ch provide 19.3
mllion acre-feet of water storage, of which 7.5 mllion acre-feet is the
maxi numreserved for flood control during the rain and snowelt season.

Approxi nately 15%of the levees in the Delta were built by the U S
Arny CGorps of Engineers and rmai ntained to federal standards. These |evees
are physically closest to the Qties of Sacranento and S ockt on.



In 1988, the Sate approved the Delta Hood Protection Act. Unhder this
program noni es were designated for inproved flood control in the Delta. The
program i ncl udes enhanced | evee mai ntenance on the non-federal |evees, wth a
| arger percentage of the funding comng fromthe Sate (75% to match
property owner dollars (see Figure 14). 1In addition, DR devel oped a speci al
programto protect against |evee failure on the eight westernnost islands in
the Delta, those subjected to the strongest forces of wind and tide (see
Figure 15). These islands are key for protection of drinking water exported
fromthe Delta fromsaline intrusion. Special provisions were included for
provi sion of flood protection for the existing communities of Thornton and
Wl nut G ove.

Flooding of the Delta, permanently or tenporarily, woul d have very
devast ating, catastrophic consequences. Short-termfloodi ng costs incl ude:
repair of |evee break; punping costs to renove water; possible need to
"flush" Delta with freshwater to renove saline water to return waters to
drinking water standards; |oss of crops; |oss of structures; possible inpacts
to county, state or federal roadways and bridges; inpacts to regional
power | i nes gas pi pelines, petrol eumpipelines, railroads, and ot her
infrastructure, and | oss of freshwater supply to large parts of the Bay Area,
Central and Southern California. Long-termfloodi ng woul d al so i npact the
overall water quality inthe Delta and would result in pernanent |oss of
wldlife habitat, as well as the inpacts listed above. The State's position
is that no nore islands can be lost in the Delta.



Envi ronnment Fi ndi ngs: *

F1.

F2.

F-3.

F 4.

F-5.

F- 6.

F- 8.

The physi cal environnment whi ch existed prior to 1850 has been
permanently and irretrievably nodified through | evee
construction, drai nage of wetlands, and introduction of
agricul ture.

Hunan activities in the central Delta have contributed to
subsi dence of nmuch of the area. Sone areas are now nore than 20
feet bel ow sea | evel .

Mst of the soils in the central Delta are designated "prine"
and of statew de value for agriculture.

The peat soils have subsided | argely through oxidation; other
activities resulting in subsidence include cycles of drain and
flood, w nd, and bur ni ng.

Wi | e over 95%of all wetlands in the Delta have been | ost,
the Delta area is used by 10%of the w ntering waterfow
traveling wthin the Pacific Hyway.

Val uabl e habitat for many birds and mammal s i s included on
linear riparian corridors along | evees and snal | i sol at ed

areas located on the islands and snal | channel islands, and Delta
wetlands. Agricultural lands also provide high if quality
wldlife habitat and foragi ng areas, depending on agri cul tural
practices. The | evees keep floodi ng fromoccurring, which woul d
destroy habitat. Levees are manmade structures which have no
initial habitat val ue when constructed. The value of wildlife
and habitat on the | evees is dependent on the nai ntenance of the
| evees.

The value to wildlife of |evee habitat and habitat wthin

the levees is | essened by on-goi ng human i npacts such as | evee
nai nt enance, farmpractices, human habitation, and recreational
use of the | evees and waterways. Activities such as water
transport and boati ng use have eroded Delta channel i sl ands,
berns, and | evees destroyi ng habitat areas. Wthout | evee

nai nt enance, the habitat on the | evees and within the islands
wll be |ost.

The native popul ation of fish and other aquatic speci es has
been nodi fi ed by hydronodification includi ng water diversion,
etc., through introduction of exotic species and ot her

causes. Nunbers of both native and of sone introduced fish
have dropped dranatically since the late 1960's; nunbers
have dropped so |ow that w nter-run Chi nook sal non and Delta
snelt have been |isted as endangered and t hreat ened,
respectively. However, the popul ati on of sone introduced
speci es of fish and other introduced aquatic species

t hroughout the aquatic food chain has substantial |y i ncreased.



F-9. There is no Delta regi onwi de nanagenent plan for wildlife
r esour ces.

F 10. Mst of the Delta is located in the 100-year flood plain. Wile
the |l evee systemis constantly bei ng nai ntai ned and upgraded,
nmany Delta islands have been tenporarily flooded; at |east four
have renai ned fl ooded. Pernmanent floodi ng, such as seen on
Frank's Tract, woul d adversely inpact utility infrastructure,
residential and recreational facilities, farntands, wldlife
habitat, transportation, conmerce, and fisheries. FEvaporation
fromflooded islands consunes substantially nore water than is
needed to farmthose i sl ands.

FIl. The Prinary Zone, with its | arge open expanses of farm and,
nosai c of small grain crop residues and shal | ow fl ooded fi el ds,
permtting wldlife to feed and rest, provides extrenely high
quality wldlife habitat.

F12. Seasonal flooding in fall and winter has traditionally been
carried out to serve several purposes: weed control, |eaching of
soils, control of oxidation of peat soils, provision of seasonal
habi tat, and hunti ng.

F- 13. Del ta channel islands and | evees serve as habitat for several
burrow ng speci es, including beaver and nuskrat. Sone species
have created burrows | arge enough to endanger |evee stability.

* F ndings Adopted by Delta Protecti on Comm ssion on February 23, 1995.



Envi ronment Policies: *

P-1 The priority land use of areas of prine soil shall be
agriculture. |If commercial agriculture is no |onger
feasi bl e due to subsidence or |ack of adequate water
supply or water quality, |land uses which protect other
beneficial uses of Delta resources, and which woul d not
adversely affect agriculture on surrounding |ands, or
viability or cost of |evee maintenance, may be permtted.
If tenporarily taken out of agriculture production due to
| ack of adequate water supply or water quality, the |and
shall remain reinstateable to agricultural production for
the future.

P-2. Agricul tural and | and managenent practices shal
m ni m ze subsi dence of peat soils. Local governnents
shal I support study of agricultural nethods which
m ni m ze subsi dence and assi st in educating | andowners and
managers as to the value of utilizing these nethods.

P- 3. Lands managed primarily for wildlife habitat shall be
managed to provide several inter-related habitats.
Del t a-w de habitat needs should be addressed in
devel opnent of any wildlife habitat plan. Appropriate
prograns, such as "Coordi nated Resource Managenent and
Pl anni ng" and "Natural Community Conservation Pl anni ng"
shoul d ensure full participation by |ocal governnment and
property owner representatives.

* Policies Adopted by Delta Protecti on Comm ssion on February 23, 1995.



Envi ronment Recommendati ons: *

RI1.

Seasonal flooding should be carried out in a manner so as to
m ni mze nosquito production. Deltaw de guidelines outlining
"best managenent practices" should be prepared and distri buted
to | and managers.

Wldlife habitat on the islands shoul d be of adequate size and
configuration to provide significant wildlife habitat for
birds, small mammal s, and other Delta wldife.

Undevel oped channel i sl ands provi de uni que opportunities for
permanent wildlife habitat in the Primary Zone. A strategy
shoul d be devel oped to encourage permnmanent protection and
managenent of the channel i sl ands. Protecti on nay i ncl ude:
acqui sition, conservation easenents, or nenoranda of

under standi ng. Managenent nay include: protection from
erosion, controlling hunan access, or habitat nanagenent, such
as planting native plants and renoving exotic plants. Somne

| arger, reclainmed channel islands may be suitable for

m xed uses, such as recreation and habitat. Any devel opnent
on channel islands nust ensure |ong-termprotection of the
wildlife habitat.

Feasi bl e steps to protect and enhance aquatic habitat
shoul d be inplemented as may be determ ned by resource
agenci es consistent wi th bal anci ng ot her benefi ci al
uses of Delta resources.

Publ i cl y-owned | and should incorporate, to the nmaxi num
extent feasible, suitable and appropriate wldlife
protection, restoration and enhancerment as pan of a Delta-w de
pl an for habitat managenent.

Managenent of suitable agricultural |ands to nmaxi mze habitat
values for mgratory birds and other wildlife should be
encouraged. Appropriate incentives, such as conservation
easenents, shoul d be provided by non-profits or other entities
to protect this seasonal habitat through donation or through
pur chase.

Lands currently nmanaged for wildlife habitat, such as private
duck clubs or publicly-owed wldlife areas, shoul d be
preserved and protected, particularly from

destruction frominundation.

* Recommrendat i ons Adopted by Delta Protection Conm ssion on February 23, 1995.



Appendi x A

Special Status Species of the Sacranent o-San Joaquin Delta



Speci al Status Species of the Sacranento-San Joaquin Delta

COVMON NAME SCI ENTI FI C NAME USFW\6 STATUS ONPS
CDFG
PLANTS Sui sun mar sh aster Aster |entus c2 - I B
California hibiscus Hibiscus |asiocarpus - - 2
Delta tul e pea Lat hyrus j epsonii c2 - I B
var.
j epsoni
Mason's |il aeopsi s Li | aeopsi s masoni i c2 R I B
Del ta nudwort Li nosel | a subul at a - - 2
Anti och Dunes Cenot hera del t oi des E E I B
eveni na ssn.
prinrose howel I i i
Sanford's arrowhead Sagiltaria sanfordii c2 - I B
Mar sh skul | cap Scutellaria - - 2
gal ericul ata
Bl RDS Tricol ored bl ackbird Agel aius tricolor c2 SC -
Al euti an Canada Branta canadensi s T
nnneeA .
| eucoparei a
Swai nson' s hawk But eo swai nsoni c3 T -
G eater sandhill Grus canadensi s tabida - T -
crane
Cal i fornia bl ack Lateral | us c2 T
rail i amai censi s
coturni cul us
NAMVALS Sal t - mar sh harvest Rei t hr odont onys E E -
miise ) ) raviventris .
San Joaquin kit fox Vulpes nmacrotis nutica E T -
REPTI LES Western pond turtle d enmys narnorata c2 SC -
G ant garter snake Thamophi s gi gas T T -
| NSECTS Anti och Dunes Ant hi cus antiochensis C2 _
ant hi ~i A
beetl e
Sacranento anthicid Anthicus sacranento c2 - -
heeat | &
Val l ey el derberry Desnocer us T _
| anaohar n califarnicns
beetl e di mor phus
FI SH Delta snelt Hyponesus T T -
. . t rancnaci fircie
W nt er-run chi nook Oncor hynchus E E -
sal non t shawyt scha
Sacranento splittail Pogoni chthys P(T) SC

nmacr ol epi dot us



